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Abstract Prediction of oncological outcomes facilitates
individualized risk-adapted management for clinical stage I
testicular nonseminomatous germ cell tumors (CS I
NSGCTs). We investigated risk factors for relapse fol-
lowing orchidectomy, with particular focus on patients
with active surveillance. Patients with CS I NSGCTs
treated by retroperitoneal lymph node dissection (RPLND),
chemotherapy, or surveillance between January 1997 and
December 2009 were identified. Demographic and post-
operative records were collected. Disease-specific survival
and progression-free survival (PFS) rates were estimated
using Kaplan—Meier analysis. Cox regression analysis was
used to confirm variables that influenced disease relapse. A
median follow-up period of 82 months was achieved in 89
patients, of whom 9 (8 in surveillance and 1 in chemo-
therapy group) had relapses. Cumulative 5-year PES rates
were 74.1, 92.3, and 100 % for the surveillance, chemo-
therapy, and RPLND groups, respectively (p = 0.01). The
relapse rate was significantly higher in patients presented
with lymphatic/vascular invasion (LVI) than in those
without LVI (26.6 vs. 6.8 %, p = 0.02). In the surveillance
group, a higher relapse rate was associated with history of
cryptorchidism (50 vs. 13.3 %, p = 0.02) and an age older
than 13 years (33.3 vs. 5.9 %, p = 0.04). On multivariate
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analysis, patient age (OR 1.16; p = 0.05), history of
cryptorchidism (OR 0.09; p = 0.01), and LVI (OR 12.10;
p = 0.01) were significantly associated with relapse during
surveillance. The disease-free period is short in the patients
with surveillance. LVI, patient age, and history of crypt-
orchidism may be used as predictors for relapse during
surveillance.

Keywords Testicular cancer - Treatment - Relapse -
Surveillance - Cryptorchidism

Introduction

Approximately 50 % of patients with testicular nonse-
minomatous germ cell tumors (NSGCTs) have clinical
stage I (CS I) disease [1]. Orchiectomy is the initial
treatment and ensures an accurate histological diagnosis.
However, the optimal treatment following surgery remains
controversial. Primary chemotherapy, retroperitoneal
lymph node dissection (RPLND), and active surveillance
are established treatment options for CS I NSGCTs [2-4].
When compared with surveillance group, RPLND and
chemotherapy groups have lower relapse rates, with risk of
antegrade ejaculation loss and bowel obstruction following
RPLND [5, 6] as well as secondary malignant neoplasms,
cardiovascular disease, and late toxicities following che-
motherapy [7, 8]. Active surveillance is an acceptable
management for all patients with CS I NSGCT but with a
relapse rate of about 30 % [9, 10]. Therefore, patients
with a high risk of tumor progression should be informed
that they may have a great need for RPLND and/or
chemotherapy.

As has been reported previously, some pathohistological
and molecular markers were investigated to identify occult
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metastasis so as to facilitate individualized risk-adapted
management. However, their positive predictive values for
relapse in high-risk groups remain less than 70 % [3, 8, 11,
12]. Therefore, we aimed to investigate predictors for long-
term outcomes of surveillance, RPLND, and primary che-
motherapy following orchiectomy in patients with CS I
NSGCT and to explore the high-risk factors for relapse in
surveillance group.

Materials and methods
Patients and methods

This study was approved by the Institutional Review Board
at Sun Yat-Sen University Cancer Center. Clinical data of
patients with CS I NSGCT treated between January 1997
and December 2009 were reviewed. Clinical and patho-
logical stages were reconfirmed according to the 2009
UICC TNM classification and staging system. We exclu-
ded stage IS patients because active surveillance is not
indicated for those patients. We also excluded stage I yolk
sac tumors at pediatric age because evidences supported
that radical orchidectomy is effective for those cases.

Demographics and clinical variables, including pre- and
post-orchiectomy serum levels of tumor markers (alpha
fetoprotein, AFP; B-human chorionic gonadotropin, HCG;
lactate dehydrogenase, LDH), were recorded. Relapse was
considered when imaging revealed new lesions, or when
serum tumor markers were abnormally increased.

Treatment procedures

Initially, all patients underwent radical orchidectomy. Lym-
phatic or vascular invasion (LVI) and a predominant compo-
nent (>50 %) of embryonal carcinoma (EC) on histological
examination were considered risk factors for occult metastasis,
and therefore, RPLND or chemotherapy was recommended.
Pediatric patients (under 13 years old) without identified met-
astatic diseases were recommended for surveillance. Patients
with persistently elevated serum levels of tumor markers after
orchidectomy were considered at risk of metastatic disease;
therefore, chemotherapy or RPLND (for those not willing to
undergo chemotherapy) was recommended [1, 13].

Primary modified RPLND was performed by an open
approach or by a laparoscopic approach since 2007, with
similar surgical boundaries. For right-sided testicular
tumors, the paracaval, precaval, interaortocaval, upper pre-
aortic, para-aortic, and right iliac nodes were resected. For
left-sided tumors, the precaval, para-aortic, upper inter-
aortocaval, upper pre-aortic, and left iliac areas were
resected. Dissection below the origin of the inferior mes-
enteric artery was not performed unless a palpable mass
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was present in this area [14]. Nerve-sparing techniques
were performed if clinically indicated [15]. The ipsilateral
spermatic vein was removed in all cases.

Patients in the chemotherapy group were offered BEP
regimen with bleomycin (20 mg/days/m?, on the first,
eighth, and fifteenth days), etoposide (100 mg/days/m?,
from the first to the fifth days), and cisplatin (30 mg/days/m?,
from the first to the fifth days) every 21 days for two cycles.
Pre- and post-chemotherapy, bone marrow function, respi-
ratory function, hepatic and renal function were evaluated.

Follow-up

The active surveillance group underwent outpatient review
every 3 months in the first year, every 4 months in the
second year, every 6 months in the third year, and every
year thereafter. Physical examination, detection of serum
tumor markers, blood routine tests, and hepatic and renal
function tests were performed at each outpatient visit.
Chest radiographs, abdominal and pelvic CT scans were
performed every 6 months during the first 2 years, and
annually thereafter. Patients were treated by RPLND or
salvage chemotherapy when relapse was detected during
active surveillance.

The RPLND and chemotherapy groups were followed
up every 3 months in the first year, every 6 months in the
second year, and annually thereafter. Patient ejaculation
status was assessed every 3 months after surgery.

Statistical methods

The demographic characteristics of all patients were ana-
lyzed using descriptive statistics. Continuous variables
were compared using the independent samples ¢ test. The
occurrence of relapse was compared between different
groups using the y? test. Kaplan—-Meier analysis was used
to estimate overall survival (OS), disease-specific survival
(DSS), and progression-free survival (PFS). The Cox
regression model was used to quantify independent pre-
dictors of disease progression. All statistical tests were
two-sided, and statistical significance was set at p < 0.05.
Analyses were performed with SPSS v17.0 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 195 patients with nonseminomatous tumors were
treated at Sun Yat-Sen University Cancer Center during the
study period, among whom 89 (46.5 %) had CS I NSGCT.
Demographic characteristics of patients are summarized in
Table 1. Of the 89 patients, 38 were under surveillance, 30
underwent RPLND, and 21 underwent chemotherapy after
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Table 1 Demographic characteristics of patients with clinical stage I nonseminomatous testicular germ cell tumor (CS I NSGCT)

Variate Surveillance RPLND Chemotherapy p value
Total number of patients 38 (42.7 %) 30 (33.7 %) 21(23.6 %)
Mean age, years (range) 18.4(3-46) 29.7 (13-47) 33.0 (8-66) <0.001
Testicular tumor location
Left 14 (36.8 %) 18 (60 %) 9 (42.9 %) 0.14
Right 24 (63.2 %) 12 (40 %) 11 (52.3 %)
Both 0 0 1 (4.8 %)
Cryptorchidism history 6 (15.8 %) 1 (3.3 %) 1 (4.8 %) 0.74
Pre-orchiectomy tumor markers
AFP, ng/ml (median, range) 62.7 (0.6-22857) 53.7 (1.1-1145) 50.0 (0.8-39395) 0.31
HCG, mIU/ml (median, range) 1.2 (0.1-1512) 6.1 (0.1-1872) 0.6 (0.1-1256) 0.18
LDH, w1 (median, range) 225.5 (138-878) 179.2 (137-434) 184.4 (127-594) 0.52
Primary tumor stage
Ia 33 (86.9 %) 24 (80 %) 15 (71.4 %) 0.41
Ib 5(13.1 %) 6(20 %) 6(28.6 %)
Histology of primary lesion
Embryonal carcinoma 6 (15.8 %) 4 (13.3 %) 5 (23.8 %) 0.03
Teratoma 11 (28.9 %) 6 (20 %) 5(23.9 %)
Yolk sac tumor 7 (18.4 %) 1(3.3 %) 2 (9.5 %)
Mixed tumors 14 (36.8 %) 19 (63.3 %) 9 (42.8 %)
Median follow-up, months (range) 60 (12-129) 58 (13-102) 81 (13-175) 0.12

RPLND retroperitoneal lymph node dissection, AFP alpha fetoprotein, HCG B-human chorionic gonadotropin, LDH lactate dehydrogenase

Table 2 Patients experiencing tumor relapse

Patient no. Initial Pathology Time to relapse Metastasis site Salvage treatment Follow-up
treatment (months) (months)
1 Surveillance Embryonal carcinoma 34.7 Retroperitoneal lymph node RPLND + chemotherapy 42.8
2 Surveillance Yolk sac tumor 2.1 Unconfirmed® Chemotherapy 24.5
3 Surveillance Embryonal carcinoma 4.0 Retroperitoneal lymph node RPLND + chemotherapy 28.6
4 Surveillance Mixed tumors 19.7 Unconfirmed® Chemotherapy 50.9
5 Surveillance Embryonal carcinoma 12.2 Unconfirmed® Chemotherapy 28.8
6 Surveillance Embryonal carcinoma 3.5 Retroperitoneal lymph node RPLND + chemotherapy 28.2
7 Surveillance Mixed tumors 14.2 Retroperitoneal lymph node RPLND + chemotherapy 88.8
8 Surveillance Teratoma 11.2 Unconfirmed® Chemotherapy 434
9 Chemotherapy Embryonal carcinoma 3.2 Retroperitoneal lymph node RPLND 29.8

? Serum levels tumor markers were abnormally elevated in 4 patients, indicating tumor relapse, but repeated imaging scans revealed no

metastatic lesions

orchidectomy. All 89 patients were followed up for at least
1 year.

Patients in the chemotherapy group completed at least
two cycles of BEP regimen. In the RPLND group, 18
patients underwent open RPLND, and 12 underwent lapa-
roscopic RPLND, three of them had positive retroperito-
neal nodes and were offered two to three cycles of adjuvant
BEP chemotherapy. All patients in the RPLND group who
were potent before surgery achieved antegrade ejaculation
during follow-up.

During a median (range) follow-up of 82 (18-195)
months, 8 patients in the surveillance group and 1 in the
chemotherapy group developed tumor relapse. Metastatic
lesions were found in 5 patients during the first year, 3 in
the second year, and 1 in the third year of follow-up. All
the patients were cured by salvage treatment (Table 2).
Cumulative 5-year PFS rates were 74.1, 92.3, and 100 % in
the surveillance, chemotherapy, and RPLND groups,
respectively (p = 0.013; Fig. 1a). The 5-year DSS and OS
rates were 100 %.
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Fig. 1 Cumulative 5-year progression-free survival (PFS) curves of
patients with clinical stage I nonseminomatous testicular germ cell
tumor (CS I NSGCT) treated by chemotherapy, retroperitoneal lymph
node dissection (RPLND), or surveillance: a 5-year PFS curves of the
three groups of patients, b 5-year PFS curves of the three groups
excluding patients with predominant EC and/or LVI from the
surveillance group

The rate of relapse was significantly higher in patients
with LVI than in those without LVI (26.6 vs. 6.8 %,
p = 0.02). Predominant EC component presented in 15
patients, among whom 5 developed metastasis, which was
significant higher than those without the EC component
(33.3 vs. 8.1 %, p=0.001). The relapse rate was
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Fig. 2 Cumulative 5-year progression-free survival (PFS) curves of
patients with CS I NSGCT in the surveillance group: a 5-year PFS
curves of patients with or without a history of cryptorchidism, b 5-
year PES curves of patients with an age <13 years or >13 years old

significantly higher in patients with both LVI and predomi-
nant EC component than in those with none of them (42.9 vs.
9.4 %, p = 0.04). Considering potential side effects of
treatment, 3 patients with predominant EC component, 2
with LVI, and 3 with both LVI and predominant EC com-
ponent were initiatively enrolled into the surveillance group.
When patients with predominant EC and/or LVI were
excluded, the relapse rates remained significantly higher in
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:fa E;;ioxl?izrsgiz ?:;lgrsslsto Variables All patients Surveillance patients

predict relapse OR (95 % CI) p value OR (95 % CI) p value
Treatment options 0.22 (0.06-0.92) 0.04 - -
History of cryptorchidism 0.07 (0.01-0.34) 0.001 0.09 (0.01-0.56) 0.01
Side 1.62 (0.42-6.23) 0.48 0.97 (0.19-4.84) 0.97
Age 1.01 (0.95-1.05) 0.96 1.16 (0.78-2.01) 0.05
Predominant EC 0.71 (0.14-3.67) 0.69 1.67 (0.26-10.77) 0.06
LVI 5.02 (1.17-21.62) 0.02 12.10 (2.56-18.42) 0.01

the surveillance group than in the chemotherapy and RPLND
groups (17.2 vs. 4.8 % and 0 %, p = 0.04; Fig. 1b).

In the surveillance group, patients with history of
cryptorchidism had a higher relapse rate and a lower 5-year
PFS rate than those without cryptorchidism (50 vs. 13.3 %,
p = 0.02; 33.3 vs. 86.7 %, p = 0.002; Fig. 2a); 17 of 38
patients in the surveillance group were younger than
13 years old, and the median age in the surveillance group
was 18.4 years, which was significantly younger than that
in the RPLND and chemotherapy groups (p < 0.01). In the
surveillance group, the patients older than 13 years had a
higher relapse rate (33.3 vs. 5.9 %, p = 0.04) and a lower
5-year PFS rate than those no more than 13 years old (94.1
vs. 65.3 %, p = 0.04; Fig. 2b).

Multivariable regression analysis revealed that treatment
options (OR 0.22; p = 0.04), history of cryptorchidism
(OR 0.07; p = 0.001), and LVI (OR 5.02; p = 0.02) were
independent predictors of relapse. In the surveillance
group, multivariate analyses revealed that age (OR 1.16;
p = 0.05), history of cryptorchidism (OR 0.09; p = 0.01),
and LVI (OR 12.10; p = 0.01) were significantly associ-
ated with relapse (Table 3).

Discussion

Testicular cancer accounts for approximately 1-2 % of
male malignancies. Previous studies have reported that
RPLND, primary chemotherapy, and surveillance are all
associated with long-term survival of patients with CS I
NSGCT. In spite of improvements in imaging techniques,
there is a 25-35 % rate of under-staging in CS I disease [2,
11]. Relapse after surveillance typically necessitates cis-
platin-based chemotherapy or RPLND combined with
chemotherapy, which may aggravate patient psychological,
physical, and economic statuses [16].

Both LVI and predominant EC component have been
suggested as risk factors for relapse. Several risk stratifi-
cation schemes [12, 13] have been used to classify patients
with none, either, or both risk factors into low-, interme-
diate-, or high-risk groups, respectively. The metastasis
rate of low-risk patients is less than 20 % [2]. Active

treatment is essential for those at high risk of relapse.
However, we found that the relapse rate remained high for
low-risk patients who only underwent surveillance. Other
predictors of outcome should be investigated to make more
reasonable decision of surveillance.

Our results suggested that elder age and history of
cryptorchidism were risk factors for relapse during sur-
veillance. Ye et al. [17] reported that radical inguinal
orchidectomy is only effective for pediatric stage I yolk sac
tumors. We found relapse rate still lower in pediatric
patients even excluded stage I yolk sac tumors from them.
As the incidence of testicular cancer is increasing among
post-pubescent men, the reduced protective effect of later
puberty may be responsible for the increased incidence in
young adults [18]. Fossa et al. [19] found that an elder age
at diagnosis, especially an age of over 40 years, is signif-
icantly associated with increased mortality. Young patients
and their parents may also be concerned more about
treatment-related morbidity, such as fertility and late side
effects caused by chemotherapy. So it is more suitable to
have younger patients enrolled in surveillance.

The occurrence of testicular cancers in patients who
underwent orchidopexy for cryptorchidism appeared to be
5-10 times more common than in those with no history of
cryptorchidism [20]. Cryptorchidism is a variable and
diverse phenotypic trait and is caused by either endocrine
or genetic abnormalities. Studies revealed that the exposure
of male fetuses to estrogens led to a failure of the testes to
descend [21-23]. Estrogens have also been proved to
induce human testicular germ cell cancer through a mem-
brane-mediated activation of extracellular regulated kinase
and protein kinase [24]. Androgen receptor genes CAG and
GGC repeat lengths were associated with slow and
incomplete testicular descent [25, 26]. Interestingly, Giw-
ercman et al. [27] found that CAG repeat lengths played a
role in the development of testicular germ cell cancer, and
it was significantly higher among patients with metastatic
nonseminomas.

One patient in our surveillance group experienced
relapse 35 months after orchidectomy. Patient’s compli-
ance with scheduled follow-ups is a perquisite for suc-
cessful surveillance and early detection of relapse. More
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than 90 % of relapses occur within the first 2 years fol-
lowing orchidectomy, although late relapses are seen in
1-5 % of patients [7, 10]. It has been shown that low
socioeconomic class and low educational levels are risk
factors for the development and mortality of testicular
tumor [28, 29]. The lack of regular follow-up means that
patients on surveillance may have recurrence at advanced
stages, which are less likely to be cured by salvage therapy.
Our results highlight some predictors of oncological
outcome in patients with CS I NSGCT treated at tertiary
referral centers. Most relapse cases were in the surveillance
group. Patients with risk predictors had a high possibility of
relapse, and treatments for these patients should be more
aggressive. However, as limited by the nature of a retro-
spective and single-centered study, the values of these
predictors in treatment planning and patient counseling
should be confirmed by further prospective studies.

Conclusions

Surveillance, RPLND, and adjuvant chemotherapy are
reliable treatment strategies for patients with CS I NSGCT,
with comparable OS rates. However, the disease-free per-
iod is shorter in the surveillance group. LVI is an inde-
pendent risk factor for metastasis, and those with LVI are
therefore recommended for RPLND or chemotherapy.
Elder patients and those with history of cryptorchidism
experience more relapse during surveillance.

Conflict of interest All authors declare that there is no conflict of

interest.
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